In this paper, we propose a precision agriculture technique to detect various pests in coconut trees with the help of NVIDIA Tegra System on Chip (SoC) along with a camera interfaced drone. The drone flies across the coconut farm and captures the images and processes the data using deep learning algorithm to identify the unhealthy and pest affected trees.
INTRODUCTION
Automatic plant disease identification and recognition tools have proved to be a valuable source of data that assist decision making in farms [1] . Artificial intelligence tools like Deep learning and Convolutional Neural Network (CNN) are gaining popularity in this field as they provide optimum solution for plant disease identification [2] . Earlier, pest detection was done by manual observation. This method is arduous and prone to error. Several plant disease cannot be recognized by bare human eyes. Early disease occurrences are minute in nature. In order to improve the quality of production and yield in plants, it is essential to identify the symptoms in their initial stages and treat the diseases.
Sustainable pest detection techniques should rely on greater depth to gather more valuable information and learn features automatically rather than depending on blind low-level feature descriptors. Since the past two decades, drones are used by farmers to monitor the fields thereby giving way for precision agriculture. Earlier, there used to be a ground control station that is supported by a PC that gathers that data sent by the drone and performs processing of the image and data. With recent developments in technology, the processing of the images can be done in the drone itself and the processed data is directly sent to the farmer's smart device with a user friendly interface.
Coconut trees or Cocos nucifera are versatile and have numerous uses. Pest infestation in coconut trees have always been a challenge due to height of the trees and complexity in identification. In this paper, we develop a method to identify the pests in coconut trees with the help of a drone [3] to fly across the field and capture images of the trees, process the images and identify pest infestation via image processing and deep learning. Further, the information is sent to the farmer's smart phone with the help of Wifi.
Some of the most common types of pest infestation and diseases in coconut trees are tabulated along with their symptoms and causes. 
EXISTING LITERATURE
Izzeddin et al. [9] developed an expert system for diagnosis of diseases in coconut tree using CLIPS and Delphi object expert system language. The expert system contains a computer application based on artificial intelligence (AI) that has a knowledge base along with an inference engine. Jayme et al. [ In summary, some of the major methods used for plant disease detection and analysis are Back propagation neural network, Combining morphological features of leaves, feed-forward neural network based classifier, image processing, wavelet based image processing and neural network, Probabilistic neural network, Zooming algorithm, Self-organizing map, Image clipping, Otsu segmentation and so on [15] . AI also imposes certain challenges in implementation. Training different models require high quality image data for the generation of accurate outputs. In case of drones, operational safety, privacy concerns and insurance protection are of concern.
3. PROPOSED WORK The features are extracted from the original images and learning is done. No pre-processing is required for this system. Nvidia Tegra [16] SoC with ARM Cortex based CPU and GPU is also embedded in the drone for processing the images. The system is power efficient and supports machine learning applications. It can also support high definition still camera and camcorder functions. It is a Computer Unified Device Architecture (CUDA) supported device. The deep neural networks running on the device has better privacy, inbuilt memory and low energy consumption.
We build a dataset with the sample images of pests and infected coconut tree segments like trunk, leaves and nuts. The images are annotated with labels by agricultural experts. Channel-spatial attention (CSA) and
Region proposal network (RPN) [17] is used to distinguish between the pest affected and normal regions as well as indicate the likely pest position. Speed and accuracy of image capture and processing is made possible due to the SoC and fast interpreting algorithm. Based on the image, the severity of the disease can also be identified.
The image is segmented into pixels and based on the colour information from the pixels, the level of health of the leaves are identified and analysed. The processed data is matched with a deep learning data sets to identify the type of disease and type of pesticide to be used. The information along with the location of the pest, type of disease, image, area of infestation and optimal pesticide is sent to the farmer's smart device with the help of Wi-Fi directly from the drone. We use ESP8266 Wi-Fi module for data transfer. It can send 64 character data strings. Based on the requirement, more advanced and high data rate Wi-Fi modules can also be used in the system. A smart and user friendly interface is also created for the farmer to access the data and required specifications as per his interest.
In order to verify the efficiency of this system, the most frequently identified samples are kept in the cache memory for faster identification.
RESULT
We have developed a smart drone that captures images from coconut trees in a prefixed farm area and compares the data with a dataset of pests and diseases. We deal with a total of 5 pest attacks and 4 plant diseases. Images that show infested and infected areas, are processed using artificial intelligence and deep learning algorithm in the Nvidia Tegra SoC. Information such as pest infestation, yield prediction, precision fertilizer, precision irrigation and so on are provided. Information such as moisture and pH of the farm land also can be gathered. Further, this information is broadcasted to the agriculturist's smart device with the help of an android interface or application through Wi-Fi.
CONCLUSION AND FUTURE SCOPE
The future of farming is dependent on adapting cognitive solutions. Even though research is still being carried out in improving the application of artificial intelligence in farming, various applications are already existing and in use. In our system, the drone collects various crop specific data pertaining to coconut trees. This data can be used for analysing the time taken for the trees and nuts to mature and drafting prevention schemes from common pest attacks. Future scope involves making the drone capable to carry pesticides to the top of the trees and spray them directly in the pest affected areas. Also, a system to automatically pluck the ripe coconuts can also be of great use to the agriculturists. Also, the farmer will be able to instruct the drone on specific operations manually, if required. Storage of this data in cloud and creating an IoT hub for interconnection of all the farm equipment is also proposed as future work.
